Hypertrophic osteoarthropathy represents a clinical syndrome consisting of clubbing of the digits of the hands and feet, enlargement of the extremities secondary to periarticular and osseous proliferation, and painful and swollen joints. The condition has been divided into two categories, primary hypertrophic osteoarthropathy, also known as "pachydermoperiostosis", and secondary hypertrophic osteoarthropathy, frequently referred to as "hypertrophic pulmonary osteoarthropathy" due to its association with a variety of pulmonary causes. Recent reports have described the findings of magnetic resonance imaging and bone scintigraphy(1 4). We report a case of pachydermoperiostosis, describing the imaging features apparent at plain radiography, bone scintigraphy, and magnetic resonance imaging. We report a case involving a young male with the complete form of primary hypertrophic osteoarthropathy. He presented with the typical features of the condition: thickening and furrowing of the skin of the forehead and scalp, and digital clubbing of the hands and feet. Plain radiographs of the long bones of the extremities depicted bilateral irregular, shaggy, cortical diaphyseal thickening. T1-and T2-weighted magnetic resonance imaging(MRI) of the femur demonstrated low-signal-intensity cortical thickening. Bone scintigraphy revealed no photon uptake in the long bones.
Case Report
A 28-year-old man presented with a ten year history of pain in both knees, not known to have occurred in other family members. During previous admission for the treatment of a duodenal ulcer, his morphologic features of thickening and furrowing of the skin of the forehead and scalp, and digital clubbing of hands and feet, which were specific features of primary hypertrophic osteoarthropathy, were detected by a dermatologist.
At physical examination, the furrowing and thickening of the skin of the forehead and scalp, and digital clubbing of the fingers, were confirmed (Fig. 1) . The patient's height and weight were within normal limits, and endocrinological evaluation failed to establish any abnormality, including thyroid acropathy. Laboratory tests, however, revealed that he was anemic(hemoglobin, 7.2 mg/dL).
Radiographs of the patient's skull depicted a normal sella and mandibular angle, and the findings of plain chest radiography were also normal. Plain radiographs 534 A Fig. 2 . A. Plain radiograph of hands shows soft tissue swelling of the fingers (digital clubbing). B. Plain radiograph of upper extremity shows irregular shaggy diaphyseal cortical thickening. C. Plain radiograph of femurs shows bilateral irregular, shaggy diaphyseal cortical thickening. Bilateral symmetrical, well defined, scalloped intramedullary radiolucency is also seen in the diaphysis.
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of the hands showed soft tissue thickening of the fingers without bony abnormality( Fig. 2A ), but those of the extremities revealed bilateral irregular shaggy diaphyseal cortical thickening of the tibias, fibulas, femurs, radii, ulnas, and humeri. In addition, the diaphysis of both femurs showed symmetrically well-defined, scalloped intramedullary radiolucency (Figs. 2B, C) . At T1-and T2-weighted MRI, low-signal-intensity periosteal thickening was seen in the diaphysis of the femur, and at T1-weighted and T2 spectral pre-saturation inversion recovery(SPIR) imaging, the intramedullary cavity of the diaphysis of the femur demonstrated higher signal intensity than the femoral head and neck. After the administration of gadolinium, both femurs showed homogeneous diffuse enhancement, with the intramedullary cavity showing greater enhancement than the femoral head and neck(Figs. 3A, B, C). Bone scanning demonstrated showed no photon uptake in long bones (Fig. 4) . Biopsy of the skin of the forehead revealed the presence of hyperkeratosis, acanthosis of the epidermis and hyperplastic sebaceous glands, and perivascular chronic inflammatory cell infiltration and edematous change in the dermis (Fig. 5) .
The patient was treated with nonsteroidal anti-inflammatory drugs, resulting in symptomatic relief of arthralgia.
Discussion
Early descriptions of the clinical entity known as hypertrophic osteoarthropathy are credited to Friedreich (1868) and Marie(1890). On the basis of the underlying etiology, the condition has been divided into two categories, primary(hereditary or idiopathic) and secondary hypertrophic osteoarthropathy. The former, also known as "pachydermoperiostosis", is inherited in an autosomal dominant pattern, with variable expressivity. Secondary hypertrophic osteoarthropathy is frequently referred to as "hypertrophic pulmonary osteoarthropathy" due to its association with a variety of pulmonary causes such as bronchogenic carcinoma, mesothelioma, bronchiectasis, and pulmonary abscess(5). MRI of femur shows low signal intensity, periosteal thickening in the diaphysis of the femur on T1 and T2 weighted images. The intramedullary cavity of the diaphysis of the femur demonstrated higher signal intensity than head and neck of femur on T1 and T2 weighted images. After administration of gadolinium, both femurs showed homogenous diffuse strong enhancement. The intramedullary cavity showed more enhancement than the head and neck of femur.
Primary hypertrophic osteoarthropathy is far less common than the secondary form. In this disorder, vague bone and joint pains are reported in conjunction with progressive enlargement of the extremities, and digital clubbing, coarsening of the skin(pachydermia) and excessive sweating(hyperhidrosis) may occur. In the extreme form of pachydermia, cutis verticis gyrata develops, characterized by massive thickening and furrowing of the skin of the forehead and scalp, which resembles the gyral pattern of the brain. The clinical manifestations are somewhat variable, with affected patients demonstrating either the complete syndrome(pachydermia, periostosis, cutis verticis gyrata), the incomplete form(sparing the scalp), or the forme fruste(pachydermia with minimal or absent periostitis)(5).
The major pathologic finding in this disorder is periostitis involving the long tubular bones of the extremities. The initial phase of inflammatory periostitis is characterized by subperiosteal lymphocyte and plasma cell infiltration followed by subperiosteal new bone formation. With time, there is evolution of the periosteal configuration from an initial single layer to several layers and finally to an irregular wavy appearance (6) . Eventually, a pseudocortex forms and ultimately fuses with the original cortex, resulting in increased shaft diameter(7). There is intermittent activity of the periosteal process, and correlation of radiologic patterns with duration of disease suggests that thicker, more extensive periosteal reaction is indicative of long-standing disease (6) .
The radiologic findings typify the skeletal changes and type of periosteal reaction that develop in patients with long-standing disease, in which there is diaphyseal, metaphyseal, epiphyseal, and interosseous membrane involvement. The role of magnetic resonance imaging in the detection and characterization of periosteal new bone formation has recently been emphasized, and MR imaging can identify subradiographic cellular periosteal proliferation and allow assessment of the morphology and chronicity of periostitis (8) . According to Moore(8) , the MR appearance of periosteal reaction can be characterized according to the underlying histology. The initial phase of periostitis is termed "cellular" periosteal reaction and is characterized by thickening and differentiation of the periosteum into two histological layers. At T1-weighted MR imaging, a curvilinear layer of intermediate signal intensity superficial to cortical bone is observed, and at T2-weighted imaging, signal intensity increases. With maturation, single-or multiple-layer periosteal reaction is seen: one or more sheets of new woven bone thickened by surface apposition of lamellar bone arise. At both T1-and T2-weighted imaging, curvilinear, low-signal-intensity lamellar bone adjacent to but not contiguous with the underlying cortical bone is seen (2). In our case, T1-and T2-weighted images were of low signal intensity, and periosteal reaction was observed. According to the explanation contained in the literature mentioned above, this appears to be the maturation, rather than the active phase.
In our case, an additional finding at plain radiography of femurs was symmetrical scalloped intramedullary radiolucency in the diaphysis. At T1-weighted and T2-SPIR MR imaging of the femur, the intramedullary cavity of its diaphysis demonstrated higher signal intensity than its head and neck of femur, but after the administration of gadolinium, both femurs showed homogenous diffuse enhancement and the intramedullary cavity showed more enhancement than the femoral head and neck. Unfortunately biopsy of the intramedullary cavity was not performed, so this bone lesion could not be proven histopathologically.
The reported bone scintigraphy findings of primary hypertrophic osteoarthropathy are of two types. Characterically, one is normal despite the presence of periosteal reaction at radiographic examination (9) , and the other shows increased pericortical uptake. The features of pachydermoperiostosis include consistently symmetrical increased pericortical linear deposition of the tracer, especially along the distal ends of the tibia, fibula, ulna, and radius. In addition, increased transverse diameter of the long bones, especially at their distal ends is noted (4) . One of the explanations given for this pericortical uptake is increased blood flow during the active stage of the disease and decreased flow during the quiescent stage(4). Jajic et al. stated that bone scintigraphy revealed increased pericortical uptake when the disease was active. During remission, the findings of scintigraphy were negative and not useful in the diagnosis of periostosis(3). In our case, bone scanning demonstrated no photon uptake in the long bones, despite the periosteal reaction observed at plain radiography. This suggests that bone scans were obtained during the remission stage of the disease.
The differential diagnosis includes osteomyelitis, thyroid acropathy, hypervitaminosis A, infantile cortical hyperostosis, fluorosis, and venous stasis. In differential diagnosis, the superficial nature, symmetry, and distal diaphyseal location of the periosteal reaction of hypertrophic osteoarthropathy are clearly distinguishable from actual infection of the bone at those locations. The distribution of hypertrophic osteoarthropathy is quite different from that of thyroid acropathy, which predominantly affects metacarpals, metatarsals, and phalanges. The accentuated enthesial reaction of occurring in hypervitaminosis A, the predominantly mandibular, clavicular, scapular and costal involvement found in infantile cortical hyperostosis (Caffey's disease), and the enthesial calcification, trabecular distortion, and osteosclerosis occurring in fluorosis are also easily distinguished from the osseous lesions of hypertrophic osteoarthropathy. Periosteal reaction secondary to venous stasis occurs only in the lower extremity and is limited to the tibia and fibula (10) .
In conclusion, when periosteal reaction in long bones, with specific clinical features of digital clubbing and pachydermia, is apparent, the possibility of pachydermoperiostosis should be considered. It is likely that both bone scintigraphy and MR reflect the stage of the disease and the chronicity of periostitis.
